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A BIOREACTOR 



# • . • • 995408 

INTRODUCTION AND BACKGROUND TO THE INVENTION 

This invention relates to a method and bioreactor for cultivating 
microorganisms. 

5 A bioreactor which is conventionally uSIed for relatively small - scale 
anaerobic bioreactions is known as the GasPak™ jar. The GasPak jar 
comprises a sealed glass container of which the inside is rendered anaerobic 
by the removal of oxygen through the formation of water by a chemical 
reaction using hydrogen and a palladium catalyst. Another known anaerobic 
10 bioreactor comprises a glass bottle which is sealed by a closure cap. The 
inside of such bottle is made anaerobic by using, for example, reducing 
agents, vacuum pumps and flushing agents, to remove oxygen from the 
inside of the bottle. 

15 A common disadvantage of the known bioreactors is that they are too 
expensive for use where a plurality of relatively small - scale bioreactions are 
required. The mere use of such bioreactors is also relatively expensive due 
to the cost of the catalysts, reducing agents, and flushing agents that are 
required when using these known bioreactors. 

20 
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before digester sludge, obtained from the Daspoort Water Purification Plant 
in Pretoria, South Africa, was added. Volumes of 100ml, 200ml and 300ml 
of inoculum were added to the AMD and lactic acid mixtures, respectively. 

5 Chemical analysis * 

A SQ118 spectroquant (Merck) was used to determine the amount of 
sulphate reduction using kit no. 1 .14791 .0001 . 

Preliminary sulphate reduction tests on AMD 

10 A volume of 300ml inoculum was added to 1000ml of artificial AMD (Table 
1 ). A carbon source was also added to this mixture (Table 2). Of this, 900ml 
was introduced into a plurality of bioreactors 10 according to the invention 
respectively. The pH was adjusted to 7.1-7.5. 
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OBJECT OF THE INVENTION 

It is accordingly an object of the present invention to provide a method and 
bioreactor for cultivating microorganisms with which the aforesaid 
disadvantages may be overcome or at least minimised. 

5 * 
SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is provided a bioreactor 
comprising a disposable, extensile, sealed pouch. 

1 0 Preferably the pouch is transparent. 

The pouch may be provided with an inlet which is closed by a resilient seal 
which may be removable or alternatively which may be pierceable by a 
needle of a syringe or the like, for the introduction of matter into the pouch. 

The pouch may optionally include a vent for the release of pressurised fluid 
which may be formed during a bioreaction taking place inside the pouch. 

The pouch may contain a suitable medium for supporting a bioreaction. 

20 

The medium may further be inoculated with a suitable microorganism for 
performing such bioreaction. 
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according to the invention for use in relatively small - scale bioreactions, 
where a plurality of bioreactions are required to take place simultaneously. 
Media composition 

Table 1 . Artificial acid mine drainage (AMD) composition. 



Component 


Quantity 


MgS0 4 .7H 4 0 (Merck) 


1.31g 


H2SO4 (96%) (Merck) 


0.30ml 


FeS0 4 .7H 2 0 (Saarchem) 


4.56g 


NH4CI (Labchem) 


0.1 9g 


H 2 P0 4 (85%) (Merck) 


0.02ml 



The above chemicals (Table 1 ) were dissolved in one litre of distilled water. 
15 The pH was adjusted to 7.2 using 10M Sodium hydroxide (Merck). By using 
this formula, theoretically, an average sulphate concentration of 2 500mg/l 
should be achieved. The SQ118 spectroquant (Merck) (kit no. 
1.14791.00010) was used to determine the sulphate concentration of the 
AMD. 

20 

Standardisation of the inoculum 
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In use, a suitable medium 18 (described in more detail below) for supporting 
a bioreaction, is introduced to the inside of the pouch 12 as shown in figure 
2. The medium 18 is preferably inoculated with a suitable microorganism for 
performing a bioreaction, prior to the step of introducing the medium 18 into 

5 the pouch 1 2. It will however be appreciated -that a plurality of bioreactors 1 0 
according to the invention may first be prepared by the introduction of media 
18 and with different microorganisms being inoculated into the medium 18 
in each pouch 12 respectively, at a later stage. For example, when samples 
are taken during experimentation, each pouch 12 may be inoculated with an 

10 isolate of a different anaerobic microorganism. 

A bioreaction is allowed to take place inside the bioreactor 10. Referring to 
figure 3, as described in more detail below, during the bioreaction, gas is 
usually formed inside the pouch 12 and which increases the pressure inside 
15 the bioreactor 10. This increased pressure inflates the pouch 12 and in order 
to prevent the pouch 12 from bursting, the bioreactor 10 is further provided 
with an optional safety vent 22 in the form of a one-way valve. 

Specific examples of the use of the bioreactor 10 will now be described 
20 below to illustrate the effectiveness and suitability of the bioreactor 10 
according to the invention for use in relatively small - scale bioreactions, 
where a plurality of bioreactions are required to take place simultaneously. 
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DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 

Referring to figure 1, a bioreactor according to a preferred embodiment of the 
invention, is generally designated by reference numeral 10. 

5 The bioreactor 10 comprises a portable, disposable, transparent, extensile 
pouch 12 having an inlet 14 which is sealed by a seal 16. Referring to figure 
2, the seal 16 is pierceable by a needle of a syringe or the like to introduce 
a medium into the pouch 12, as described below. 

10 Alternatively, the seal 16 may be in the form of a removable plug which 
facilitates the introduction of a medium having a relatively high viscosity or 
thick constitution into the pouch 12. Referring again to figure 1, the 
construction of the bioreactor 10 is preferably similar to or the same as that 
of an infusion bag. 

15 

The pouch 12 is tubular with opposed ends of the tube being closed by heat 
sealing. The walls of the pouch 12 includes an inner layer of polyvinyl 
chloride and an outer layer of high-density polyethelene. The seal 16 is 
preferably made from latex and during manufacturing of the bioreactor 10, 
20 care is taken to ensure that the inside of the pouch 12 is oxygen free and 
sterile. 
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introducing a suitable medium for supporting a bioreaction into the 
pouch; and 

inoculating the medium with an anaerobic microorganism. 



5 Further according to the invention, the inside of the pouch is free of oxygen 
prior to the step of introducing a suitable medium into the pouch. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 The invention will now be described further, by way of example only, with 
reference to the accompanying drawings wherein: 
figure 1 is a plan view of a bioreactor according to a preferred 

embodiment of the invention prior to the introduction of a 

suitable medium for supporting a bioreaction into the 
15 bioreactor; 

figure 2 is the same view as that of figure 1 , showing the introduction 

of such medium into the bioreactor; and 
figure 3 is also a plan view of the bioreactor of figure 1 , after a 

bioreaction has taken place inside the bioreactor. 

20 
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Preferably the pouch is portable. 

According to a second aspect of the invention there is provided a bioreactor 
5 suitable for use in a relatively small - scale bioreaction, the bioreactor 
comprising a portable, sealable, extensile pouch. 

The pouch may be disposable. 

10 According to a third aspect of the invention there is provided a bioreactor 
comprising an infusion bag - type pouch. 

According to a fourth aspect of the invention there is provided a method for 
cultivating microorganisms including the steps of: 
15 - providing an infusion bag - type pouch; 

introducing a suitable medium for supporting a bioreaction into the 

pouch; and 

inoculating the medium with a suitable microorganism. 

20 According to a fifth aspect of the invention there is provided a method for 
cultivating anaerobic microorganisms including the steps of: 
providing a disposable, extensile, sealed pouch; 
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Table 2. Defined carbon sources used during this experiment 



Carbon sources 


Quantity per 100ml AMD 


Lactic acid (92%) (Merck) 


5.56ml 


Acetic acid (Merck) 


5.95ml 


Butyric acid (BDH) 


4.80ml 



10 All experiments were done in triplicate. The sulphate concentration of the 
different bioreactors 10 were monitored every 2-3 days. As a control 
experiment, only AMD and inoculum was used with no added carbon 
sources. 

15 3.3 Results and Discussion 
Media composition 

The average sulphate concentration of the artificial AMD was 2356mg/l. This 
resembles the sulphate concentration of AMD. 
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Standardisation of the inoculum 



3000 
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15 

Diagram 1 . Sulphate reduction using 100ml. 200ml. and 300ml of 

inoculum respectively. 



Digester sludge consists mostly of fermentative bacteria and have low 
20 numbers of SRB (Zhender, 1988). The 300ml inoculum proved to be the 
most suitable concentration of inoculum (Diagram 1 ). Effective sulphate 
reduction was also obtained using 300ml inoculum (Diagram 1). 
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15 Diagram 2. Preliminary sulphate reduction tests using lactic acid. 

acetic acid and butyric acid as carbon sources. 

Preliminary sulphate reduction tests with AMD were done to determine 
whether the bioreactor 10 was suited to be used as an anaerobic bioreactor. 
20 It was found that during a two week period during which experimentation took 
place, lactic acid and butyric acid proved to be good carbon sources for the 
removal of sulphate while acetic acid was not efficient (Diagram 2). These 
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results confirmed studies done by other researchers (Isa era/., 1986; Ahring 
and Westerman, 1987; Joubert, 1987; Zhender, 1988; Qatibi ef a/., 1990; 
Visseref a/., 1993). 

5 In view of the above results, the bioreactof 10 according to the invention 
proved to be effective, inexpensive, and thus suitable for use when a plurality 
of relatively small-scale anaerobic bioreactions are required. During all of the 
sulphate reduction tests, gas was produced . The bioreactors 10 remained 
sealed and no gas leakage occurred. This was illustrated by the fact that the 

10 bioreactors 10 inflated to their maximum extensile capacity as shown in 
figure 3. The seal 16 provided a convenient sampling port through which gas 
could be removed by syringes or the like. 

Furthermore, the bioreactor 10 did not require the addition of catalysts to 
15 achieve anaerobic conditions and no contamination of oxygen occurred. 

It will be appreciated that a large number of variations in detail are possible 
with a method and bioreactor according to the invention without departing 
from the scope and/or spirit of the appended claims. 
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14. A method for cultivating anaerobic microorganisms including the 
steps of: 

providing a disposable, extensile, sealed pouch; 
introducing a suitable medium for supporting a bioreaction into 
5 the pouch; and 

inoculating the medium with an anaerobic microorganism. 



15. A method according to claim 14 wherein the inside of the pouch is 
free of oxygen prior to the step of introducing a suitable medium into 

10 the pouch. 

16. A method for cultivating microorganisms substantially as herein 
described with reference to the accompanying drawings. 

15 
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8. A bioreactor according to any one of the preceding claims wherein 
the pouch is portable. 

5 9. A bioreactor suitable for use in a relatively small - scale bioreaction, 
comprising a portable, sealable, extensile pouch. 

1 0. A bioreactor according to claim 9 wherein the pouch is disposable. 

10 11. A bioreactor comprising an infusion bag -type pouch. 

12. A bioreactor substantially as herein described and as illustrated in 
the accompanying drawings. 

15 13. A method for cultivating microorganisms including the steps of: 
providing an infusion bag - type pouch; 
introducing a suitable medium for supporting a bioreaction into 
the pouch; and 

inoculating the medium with a suitable microorganism. 
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CLAIMS 

1 . A bioreactor comprising a disposable, extensile, sealed pouch. 



2. A bioreactor according to claim 1 wherein the pouch is transparent. 

3. A bioreactor according to claim 1 or claim 2 wherein the pouch is 
provided with an inlet which is closed by a removable resilient seal. 

4. A bioreactor according to claim 1 or claim 2 wherein the pouch is 
provided with an inlet which is closed by a seal which is pierceable 
by a needle of a syringe or the like, for the introduction of matter into 
the pouch. 

5. A bioreactor according to any one of the preceding claims wherein 
the pouch includes a vent for the release of pressurised fluid which 
is formed during a bioreaction taking place inside the pouch. 



6. A bioreactor according to any one of the preceding claims wherein 
the pouch contains a suitable medium for supporting a bioreaction. 

7. A bioreactor according to claim 6 wherein the medium is inoculated 
with a suitable microorganism for performing such bioreaction. 
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